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Preparation and electrochemical properties of
spinel Li;TisO4, by hydrothermal method

WANG Yan-sheng, WANG Xian-you, AN Hong-fang, WANG Guo-bao,
PEI Fu, ZHENG Li-ping, LIU Xiu-ming, CHEN Quan-qi, LIU Li, JJANG Lan-lan

(Key Laboratory of Environmentally Friendly Chemistry and Applications,
Ministry of Education, School of Chemistry, Xiangtan University, Xiangtan 411105, China)

Abstract: Li;TisO,, was prepared by a hydrothermal method followed by solid state calcination using lithium acetate and
tetrabutyl titanate as raw materials, triethanolamine as a structure-directing agent. The effects of different mole ratios of
titanium to lithium and calcination temperature on the structure and electrochemical performance of LiyTisO;, were
investigated by XRD, SEM, constant current charge-discharge and cyclic voltammetry. The results show that, when the
mole ratio of titanium to lithium is 1:0.82 and the calcination temperature is 800 ‘C, the obtained pure phase spinel
LisTisO1, with average particle size of 200 nm has better electrochemical performance. The initial discharge specific
capacity of the sample is as high as 181.7 mA-h/g at the current density of 0.1C, and the capacity remains 151.5 mA-h/g
after 50 cycles with the capacity fading rate of only 6 pA-h/g per cycle during 5—50th cycles. The sample still remains
initial discharge capacity of 135 mA-h/g at 2.0C and the capacity fading rate is 0.48 mA-h/g per cycle during the 5—50th
cycles.
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AR, TR AT A BRI BRI LR S B 1A N i — A SR A
FELLLR A G, Wl R RS SRR & e it dh firp, BE 7 i UL 1P Re
T CLZ BT 200 ML BRANZI0GE . FAT, B e e 7l

EEWME: MK ARBFAESRBINH (20871101);  [FEERBHEBEML v % B350 H (2009GID20021); #1544 R 77 H 405 B 5 H (2009WK2007);
IR SRR T P IR A 5 4 T 5 %8 B T H (09178001)

Yrks HER: 2009-11-19; &ITHHEA: 2010-03-19

BIEEE: Tk, #9%, 1t fif: 0731-58292060; E-mail: wxianyou@yahoo.com



204558 12

FIEL, &5 KBGE IR EATR LigTisO, KL 2EPERE 2367

GORAA B K2 & MR B R, EH T R B ik FEAR PR
P75 4 S AR I A ARFEIT 75 5y 38 LA R 23 A
bl A, AT RE T S0k AR T AT < A T |
B HL L P R B, DRI & R ) A B ) Hth i AR
KI ARt

T 2R AT R K R B0 (L, Tis O ) B A 88 e Wi B e Aoy
(1.55V, vs Li/Li"), fESEHIERN, K250 o s i m
ANy s T HEAE R R RN AR R, BB A
LigTisOyp PRI HR N 08 H e 2 o ot A 465 1) R LR 5 v
FEfRR R, ST IART SR 45K, Hib
B BORARAR AN, ARV AR N<1%)P). Ak,
DLILAE Ay 418 7 v jth 87 B P A REAS 5 JE S 1) SEL
FEERIRT H 43 J AT 7t Al o ) e A VAN R L IR A
IPERE. [FII, LigTisOp i HATR APt ek 4
FE TSI, EHBRZE. WGBS IR EMERE
WA AU FAT Tz N TR, R A 2 AT
%[4_810 HH T LiyTisOy, RGH MR 22, KA
TR LI L L AR AN B AR L R R R, AR O HBR
T IARI N, I RR S S b, A
i LigTisOp RS HERE . ook & ik 2 3t
LiyTisO, PEREM —NARGEAE, HATA L LisTisOpn K
%2 K el B AR, 4kt Tio, 1 Li,COs B¢ LiOH 45—
EMLBNR GG, RT3 7 800~1 000 C 4%
gt H S AR B0 LigTisO, Sk 2, MU h
B, frtk a2l B 4% I P ) Ak 2
BIo ket AipEva . RIfEan, LB R AP WAk 2
e, HA I R U219, HAO Z5E2hE ke 1 ik
M= LWl ClEd, A —E LBl e,
AT AT S) S SFEIRIAR N 80 nm (¥ LigTisO, #F
m R B S A R DL R AR e .
TESR, AU T K IR 25 9K G LigTisOso,
L1 SR KIS PR HIE G T LigTisOn, 15
BT —. R 9K T LigTisO,
HARGF AR E VE LU A R k. HAT, BFIEK
AL A LigTisO, HE R D> .

N T AR A A R A R BRI
LiyTisOpyr AN SCAES VKR T R VBRI, SR £
U, AR TR = Al G S ), i
IKGEA B LigTisOnn BTORAAR, BRI T AN [R] R ER R BE R
LU RN e B2 A LigTisOqp 45 R4 R AL 2 P BE TR 5200

1 SRI&

1.1 Li,TisOy, B

B BEOR (FARTES T ER(AR, KT BHE RRAL 24
FIA B A TR = LIEHAR, Kb 2 2Rk T80l
HIRARHEEE FEAA, B 20 min JE SR
Ao BRI B LIRBI(AR, KT RHE R AL 223877
A PR BT IR AWK B Bo 70D I+,
KA B BTN BIASE A TR N7 B G PR
SERE 1 h, TR RCFLIRBAR 5 e 7% 22 3 IR SN 38 i e
120 ‘CLRifE 24 he HARAHIGAE 80 CT 4, RIGHEA
)3l B N Hbe 18 h 331 LigTisOno FE it o 555 FRHS T 1
FE A ND2—2L AT A R HL P EREE 4 h & H] .

1.2 LisTisOy, BYZEHMIK

K HACEE 2 D/Max—3C B X S AT SO A &
(77 S BEAT S AL R o3 b, PRI Cu K, B IR
20 mA, FHEA 36 kV, FE#E#E A 8 (°)/min,
FIHGEHE 20 4 10°~80°; JH Hitachi X—650 B 413 H
T WU i IR RTRE K /NN T TE S

1.3 HEihRYALR R E NI

FEGTER T LSRRI R i, £ 4% (PVDF) 1 5t
EE 85:10:5 (1) EEAIVE 53505, AR i I o 1Y) N- P62
N L (NMP), 8 75 7380 20 min J5 P HE 20 min
FRBVHPIRD T, e HIA A TR B Fr s A 80 CEL25 T
24 ho Di@B R oh ik, i A 1 mol/L LiPFs )
EC/DEC(M(EC):(DEC) N 1:1, wh[E=ENF)IKIRE
Wi, TR % FLIE (Celgard2400) 4 Wi o B _Eik k1Rl
76 78 S M T B4 (MIKROUNA  1220/750) 7 2H 3
Fi 2025 212 HL L o SR FH IR YIHT 18 2 ) v it 7 J8 r i
RAGAT ABOBINEL, BRI E Y 1.0~3.0 V,
FeIC AR Rk 25 °C 5 il iR AN F] 1) CHI660A
HLAL 2% TAE RS FEA TR AR 22 AR o

2 HEREHE

2.1 Li,TisOpp BIEEHIFARLER 540

B 1T A AN TR ER R EE R BE Lig TisO o #  1F XRD
i, RSB ST A 800 'C N AR 18 ho M 1 Hmf
LA, MECFEE R EE/R LB 1:0.80 1 1:0.81 I, £f
) XRD 5 R T A AR bl A1 B0 LigTisO FEEIZ
Ah, AE 20 4 27.4°, 36.1°F01 54.3°4b LT 444 A
TiO, MIATH I . YW 4 1) A BRI & BRI RS b
FH 4= 414 4 (1) TiO, AR it A Y (1) Lis TisOyp 21 i FL IR
DRI A] e 2 il B e I, 38 G A B K, 3K TiO,
ok 0 gk S R 0 B i R ERRTBE  BE R Ll



2368 hEA SR R

2010 4% 12 H

(111) v—Rutile TiO,
(400)
(311)
3'33(440)
v @31 ¢ l} CRDANC)
L A ¥ X "
I l ) A(c)
M " A '.l I .‘(b)
R GO (N BRI 2 U T
10 20 30 40 50 60 70 80
20/(°)

1 ANFEREHEE /R LEIN 45 1 LigTisO o A4 1) XRD i
Fig.1 XRD patterns of LisTisO,, prepared by different mole
ratios of titanium to lithium: (a) n(Ti):n(Li)=1:0.80; (b)
n(Ti):n(Li)=1:0.81; (c¢) n(Ti):n(L1)=1:0.82; (d) n(Ti):n(Li)=
1:0.83
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Fig.2 XRD patterns of LisTisO;, prepared at different
temperatures: (a) 600 ‘C; (b) 700 ‘C; (c) 800 C; (d) 900 C
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Fig.4 First charge-discharge curves of LiyTisOpat 0.1C

222 LigTisO (i M MK

£ 2 R i e - it B A MR R I — A
BER. B 5 P N ERBEEER LG 1:0.82, Meild J&
4 800 “C I ) LigTisOno £EAN A Z8 7N 1R 1 IR I
Hifidk. S T CUE H, B BORAE I I,
JECH iR TR LT 6 3B T RAIG, 40 0.1C £5 3TN )
HUESFE N 1.53 V, 1 2.0C {5 R i d s F4 0
1.41 Vs [AIF, 0w OB e A S B Wb, 0.1,
0.2+ 0.5\ 1.0 A1 2.0C %2 51K 1 801 EE A AR UK
Sy 181.7. 179.9. 162.5. 146.9 F1 135.3 mA-h/g, 2.0C
FITE VOB R 0.1C 11 74.46%. XN A

JECHLAR AT SE 0, AR A I R Wil . AMERTBOR
XA R IR, B RS 3R I, LR
FERELR, AR SR BB CRIFRC i (R v Ll s i,
2.0C 53T, 1 U0R LA B AR RFFAE 135 mA-h/g
PLE, mp ek, RO R RIERE, X
e LigTisO A BRI RS L, R AT
N, HAR LR RO, A A T A
LigTisO o FHiR A FI N H DL S B AR P ¥R
2.2.3  LiyTisOp, MG RE

Kl 6 P iy LigTisOp AOBHI T rB AR FA 2o e ]
6 WA, 2 ERAERERT, LisTisOn P&
AR B AR, &3 50 IG5, 0.1C 1
OB EE ARG 0.2C B8 EE AR 5 2.2 mAh/g, g3
W4 151.5 A1 149.3 mA-h/g; 0.5C F1 1.0C FACHL L2
T AE WIARFRAE 128.7 F1 110.2 mA-h/g; i 4 /808 4%

3.0

2.5¢

2.0
Charge

Potential (vs Li/Li*)/V

Discharge
1.0F

0.5 1 1 1 1 1 1
0 25 50 75 100 125 150 175

Capacity/(mA+h*g™")
5 ANFEMEHR N LigTisO o F it 1T XS AR I 26
Fig.5 First charge-discharge curves of LisTisO;, at different
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Fig.7 Cyclic voltammograms of Li;TisO,
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